The present study has assessed the replicative history and the residual replicative potential of human naive and memory T cells. Telomeres are unique structures at the ends of chromosomes that consist of long hexameric repeats, (TTAGGG)n, and appear to be involved in chromosomal integrity and cellular proliferative capacity (7-9). Due to constraints imposed by the template requirement for semiconservative chromosomal DNA replication, each cycle of cell division and DNA replication results in a loss of 50-100 terminal nucleotides from each chromosome. The length of telomeres has been observed to decrease with cell division in vitro and with increased age in vivo for normal human somatic cells (10) (11) (12)(13)(14)(15). Thus, telomere length has been considered to be a record of a somatic cell's mitotic history and was used here to analyze the replicative history of human naive and memory CD4+ T cells from a panel of donors of diverse age.
capacity.
Naive CD4+ T cells, after T-cell-receptor-mediated stimulation, differentiate to become memory cells (1-3). Prior to antigen exposure, naive CD4+ T cells express a characteristic phenotype that is CD45 RA+ CD45 RO-CD4410. After antigen stimulation in vivo or in vitro, naive T cells undergo a phenotypic change to become "memory" CD45 RA-CD45 RO+ CD44hi cells. Although the populations defined by these phenotypes may express some functional heterogeneity, it has been shown that in vivo expression of CD44 and CD45 effectively defines populations that are distinct in functional parameters related to previous antigen exposure and the capacity for mediating recall or memory responses. While a number of parameters have been used to characterize naive and memory T cells (1, 3-6), the natural history of these populations in vivo and their capacity for clonal expansion have not been well defined. The present studies were carried out to analyze the in vivo replicative history of human naive and memory CD4+ T cells and the in vitro replicative capacity of these populations.
Telomeres are unique structures at the ends of chromosomes that consist of long hexameric repeats, (TTAGGG)n, and appear to be involved in chromosomal integrity and cellular proliferative capacity (7) (8) (9) . Due to constraints imposed by the template requirement for semiconservative chromosomal DNA replication, each cycle of cell division and DNA replication results in a loss of 50-100 terminal nucleotides from each chromosome. The length of telomeres has been observed to decrease with cell division in vitro and with increased age in vivo for normal human somatic cells (10) (11) (12) (13) (14) (15) . Thus, telomere length has been considered to be a record of a somatic cell's mitotic history and was used here to analyze the replicative history of human naive and memory CD4+ T cells from a panel of donors of diverse age.
MATERIALS AND METHODS
Isolation of Human CD4+ Naive and Memory T Cells from Peripheral Blood. Naive and memory CD4+ T cells were isolated with immunomagnetic beads as described (16 ability of a cell to undergo further division is compromised and growth is arrested (11) . Normal somatic cells are thus limited in the number of cell divisions that they can undergo before arrest, and telomere length may predict the residual ability of a cell to undergo additional replication. The generation of an immune response is dependent upon a substantial expansion of clones with specificity for antigen. The observation that telomere length in naive CD4+ T cells decreases with age implies that cell division is ongoing throughout the lifespan in naive T cells and/or their precursors. In addition, the consistent finding of shorter telomere length in memory CD4+ cells compared with naive cells from the same (10, (20) (21) (22) (23) 
